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. .  . , > , SUMMARY . .  

1n.conjunctlon wi th  a general,  investieation of aerodynamic 
forces  on,oockpit  enclosures,  surface  static  pressures have been 
measured over both  the  outor and inner  surfaces of t h k  conventional 
s ingle   s l iding canopy, conventional  front and rear  sliding  canopies, 
and the bubble-type canopy .which are   typif ied by the   ins ta l la t ions  
on the Grurnzuan Fa-3, Curtiss SBZCAE, and Gruman F8F"l airplanes, 
respectively. This 'report  presents a preliminary  analysis of data 
obtained  for  the bubblo-type canopy. Plots  are  presented  that  show 
the  dis t r ibut ion of pressure a t  s i x  lateral   sections  through  the 
canopy f o r  a range of conditions  selected  to  determine  the  effects 
of varying canopy position,,yaw, power, and lift coefficient.  The - 

. ' results  indicate tha t  the  net aerodynamic loads on the  canopy are  
greatest  when . t he   a i rp   e r a t inga t   h igh  speed with the I 

canopy closed.. A t  a1  .al t i tudes  investigated  the  effect   of 'opening 
the canopy is t o  reduce  ernal-internal  pressure  differential 
and -therefore, , t o  reduce the exploding  forces.  Aspmetrical  loading 
i s  shown fo r  numeroud conditions due to  propeller  oseration and air-  
plane yaw but is most extreme a t   p o s i t i v e  " .... . . yaw att i tudes  with  propeller '' ! 

operating. 

- 
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INTRODUCTION I .  

The occurrence of canopy fail-ures on  Navy a i rp lanes   in   f l igh t  
has  indicated that preartnt.load,requirements used. in  the  design 
of canopies and t h e i r  camponents may not  be  adequate. The current 
load  requirements  are  based on wind-tunnel pressure  distrSbut1ons 
obtained  over a ,Fange. of: pitch and. yaw att i tudes  with  the canopy 
closed and do..nbt  lsclude  accurate measurement of. internal  pressure 

. .'' or the   e f fec ts  of canopy Opening. ; It is,. therefore, desirable t ha t  
. , .  . .  . I .  , 

.. '; . these  factors  be invefttiga,ted.and.,.the c r i t i c a l  1oEid &oriditions be 
. . .'. " mbre accurately .defino.d,?, .,.,.. ,,,, !. , , ,  , , , ,  , . ' ' 

.... . . .  

As a resu i t ,  a general  investigation  has been' condusted.at  the 
Langley  Laboratory of the  National Advisory Committee for Aeronautics 
t o  determine  the c r i t i c a l  load requirements by means of external and 
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internal  pressure measurements 'on airplanes employing three  representa- 
t i v e  types of canopies. The t,hree  typps of canopios  selected  for  the , 
t e s t s  were the  conventional  single,  sliding canopy, conventional  front 
and rear  sliding  canopies, and the bubble-type canopy which a r e  
typif ied by the  installa.t$ons" on tkie Grumann ~ 6 ~ - - 3 ,  Curtiss S32C-hE, 
and Grwnman , . F8q-1 i. . .  airplanes  respectively., 

. .  

A s  t h e   f i r s t  phase of the  $nvestigation,  tests have been made 
in   the  Langley  ful.L-scsie t unne l   t o  aetermine  external and internal  
pressure  distributions on the  three  types of canopies for   an exten- 
sive  range of simulated fl ight  conditions with canopy posit ion 
varied frcm closed t o   f u l l  open,. 

. ,This  report  presents  the  results  obtained  with  the bubble-type 
canopy on the F3F-1 airpisne.  Additional  repor-ts..have been  prepared 

' .covering  resul ts   for  'the conventional  Bingle  sliding canopy and the 
, . . Coriventional f ront  and rear  .slid.ing  canopies  (reTermces L ana 2 ) .  

, _  

.. . . 
. .  

Airplane 
. . .  , . .. - 

The Grumman F8Il"l.airplane is a low-wing, single-place  fighter 
:. airplane having a wing span of 35 f e e t  6 inches a wing area of 
' 244 squar: f ee t ,  and a normal gross weight of 9030 pour@. .The air- 
.' .. . .plane is  powered by a Pra. t t  & Whitney R-2800-4 engine  having a 

propellek t o  engine gear r a t i g  of.O.4g t o  1. The engine  has a 
mil i tary power rating'  of 2100 horsepower a t  2800 .rpm a t  sea  level.  

;' ! The ehgine  drives a 12-foo5"  7-inch four-blade  Hamilton  Standard 

, .  . 106.2.. , .A three-view  drawing' giving'  the  principal dimensions is 
.' . probeller h.?tving -H 20C-162-IlM5 blades with  an  activity:   factor of 

. . .  shown in   f igure  1. Figure 2 shows the  airplane mounted. i n   t he  
Langley full-scale  tunnel.  

The cockpit canopy on this   a i rplane  consis ts  of a single- 
piece  rearward  sliding bubble-type Plexiglas canopy. Photographs 
showing the canopy armngement  a.re  presented in   f igure  3. The 
canopy is  equipped with emergency release mechanism so arranged tha t  

. all goin-bQ of attachment  are  released by pulling one center  control. ' ,  . . .. . .  

. .  
. .  METHODS AND TESTS 

.. .. . . ,  . . .  

L .  .. , . Surface  s ta t icpressures  over the  exterior of t,be cockpit 
. . canopy were measured by means of flush-type  sta$ic.  orifices  installed 

i n  nine  longi'tudinal. rows along  the canopy a s  shown in   f igure  4. 
Static  pressures  at   the  inner  surface of the canopy were measured 

. ' . by means of s i x  1/16-inch .static-pressure  tubes  installed a t   loca t ions  



The external and. internal  pressures  vere measured with  propeller 
removed and with  propeller  operating and w i t h  the  canopy ' se t   in   four  
positions: namely, closed, 3 inches open, 1/2 open, and fu l l  open. 
For the  propeller-removed tes ts   tho  a i rplane was se t  at angles of 
attack  corresponding t o  l i f t  coeff ic ients  of 0.10, 0.50, 0.87, and 1.18 
as determined from force-test  data  (fig. 5 ) .  A s  force- tes t   data  were 
not  available f o r  pro-pel.ler-operating  conctitions, the angles of a t tack 
selected f o r  propeller-removed t e s t6  were a l s o  used- with propeller 
operating. The l i f t  coeff ic ients  f o r  the  propeller-operatine  tests 
were, therefore, slipJ1tly hicaer than  the  sDecified  values. Force 
t e s t s  .to determine the  exact l i f t  coefficients were not   just i f ied 
inasrmch as  previous  tests  (references 1 and 2) had shown that canopy 
pressures were not  appreciably  affectefl. b;r small ~rar ia t ione  of l i f t  
coefficient ,, 

With the  propeller removed, the  testo  included measurements a t  
yawed a t t i tudes  of 00 and -7.50 for   the two low lift ccefficienta,  
m a  a t  yaws of -150, -7.50, and 00 for the  high lift coefficients.  
Tests were not made a t  the posit ive yaw att i tudes  with  the propeller 
romeved as   the canoppy is  symmetrical and the  prees"ws at pPSitive 
yaw should merely be in  the  opposite  sense from those measured at 
negative yaw, With the  propeller  operating,  the power-off test 
prccedure vas repeated and m e  extended t o  include t e s t s  for the 
erne ser ies  of conditions  throughout  the  corresponding  positive 
yaw range,  Thrust  coefficients  correapanding t o  constant  military 
power operation  in flight f o r  each of the  respectivo l i f t  cWffiCient0 
were determined from a f l i g h t  curve of T, against CL calculated 
fc r  aea-level  operation  with  military power ( f ig .  3 ) .  

Far a l l  t e s t 8  with the propeller operating,  the propal lor  wae 
Bet at a ccngtsnt  blade  angle of 18.40 meas'ured at the  0.75-radius 
s t a t i m .  All data were cbtaimd with  coclqit   ventilators and cowl 
f l aps  cloeed, and with  the tunnel operating at an  airspeed of approxi- 
mately 60 milos por hour. 

, SYMBOLS . 

CL l i f t   c o e f f i c i e n t  (+) . . '  

TC thruRt coefficient . .  

P pressure  coefficient 
. I  
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T thrust ,  pounds 

qo free-stream dyllamic pressure, pounds per  square  foot' 

po mass density of a i r ,   s lugs  -per cubic  foot 

9 local   s ta t ic   pressure,  pounds per  square  foot 

po free-stream stat ic   pressure,  pounds per  square  foot 

S wing area,  square  feet 

V airspeed,  feet  per second 

D propeller  diameter,  feet 

Subscripts: 

i '' in te rna l  

e external 

DISCUSSION OF RESULTS 

The r e su l t s  of the  external  pressure measurements are  presented 
in   f igures  6 t o  13 in   t he  form of pressurea is t r lbu t ion   p lo ts  showing 

t h e   v a r i a t i w  of the  external  pressure  coefficient .- a t  s i x  

lateral   sections  through  the canopy for  a11  conditions  investigated. 
The average  static-pressure  coefficients measured along  the  inner 
surface of the canopy a re   a l so  shown  on the  respect ive  f igures   for  
each test   condition. These internal  pressure  coefficients  are  averages 
obtained Tram measurements made a t  s ix  points on the  inner  surface 
located  as shown i n   f i g u r e  4. Average internal  pressure  coefficients 
a r e  shown inasmuch as   the  coeff ic ienta  were uniform a t   t h e  six points 
of measurement for a11 configurations  investigated. The variation of 
internal  static-pressure  coefficient with yaw is shown in   f igure  14 
for the complete  range of a i rplane  a t t i tudes  tes ted with canopy closed 
and propeller  operating. 

t" iopo) 

External  Pressure  Distributions 

Zero &w,- The r e s u l t s  of t h e   t e s t s   m d e   w i t h   t h e   a i q l a n e   a t  zero 
yaw att i tude  both  with  propeller removed and with  propeller  operating 
are  presented  in  f igures 6 and 7. With the  propeller removed ( f ig .  6), 
the   resu l t s  show that   the   la teral   pressure  coeff ic ient   dis t r ibut ions 

- 



NACA RM NO. ~ 7 ~ 0 7  5 

are essent ia l ly   s~wmctr ica l   a t  a l l  s ta t ions   for   the  complcto range of 
tes t  conditions, For tho low lift cocfficlent rango (f igs ,  6f.a) and 
6(b) )  peak negative. pressure coefr ic isnts  of approximately -0.70 exis t  
on the  front 3 . la teral   s ta t ions m.d diminish  pro;;-ressively  for.  the more 
rearward statiolns, becoming s l ight ly   posi t ive at the last station,.of 
measurement ( s ta t ion  6)- . For the hi& l i f t -coeff ic ient  raLnGe 
(figs,  6(c) and 6 ( d ) ) ,  the   character is t ics  of the  pressure dist r ibut ions 
are   essent ia l ly  unchaneed although  the  mgnitudc of .the peak negative 
pressure  coef.ficients increases gradnally v i t h  increasing l i f t  coef- 
ficient,  reaching:. peak values 8,s high a8 -0..95. at the  top  of ,   the   f ront  
sections as shotm in   f igure  6(  a), . . ,  . 

With propeller  operating ( f i g .  7) ,  the  pressure  coeff  iclents' 
are appreciably  higher due to  the  increased loc.al veloci ty   in   the 
propeller  slipstream, md the   l a te ra l   d i s t r ibu t ion  of pressure on the 
cahopy becomes qui te   as imetr ical   a t   the   higher   thrust   condi t ion 
due to   s l ipstream  rotat ion.  ' The results  indicate that due t o   t h i s  
pressure asymmetry, side  loads exist '  tending t o  force  the,front  o f  
the  canopy toward the right and the  rear toward the   l e f t , .  ' A s  shown 
by' the ' figures,  opening the canopy r o s u l t  s i n  more pronounced pressure 
aspmetry at the  f ront   s ta t ions of the canopy bir-L; causes a def,inite 
reduct ion  in   the magnitude of tho  external  pressure  .coeff'icients.: . 

BaEed  on the  'bxternal-internal  pressure.  diffdrentid- and approxlmte 
f l i g h t  dynamic pressures  corresponding to   t he .   r e spec t ive   l i f t  coef- 
f ic ients , ,   these  resul t4   indicate   that   the   total   net  e,xplodin.@. load 
on the canopy w i l l  Be greatest  when the.  airplane, i's operati,&  ,at  high 
speed  with c&opy closed-. However, as tho re'isults show that  increasing 
.lift coefficient  causes a slight increase  in '   the  exterhal pressure coef- 
f i c i en t ,  .a' sl ightly  groater  load shotild. be anticipated  :for a-high- 
speed pull .  out  than f b r  the  high-speed leve l  Plight  condition..' * Et. 
should a h 0  be noted tha t  while  local crusahing loads are indicated; fo r  
some conditions  .they ayp6ar t o  be small' i n  comparison t o  the' c r i t t c a l  
exgitoding loads. : . . 

Negative yaw,-- Figures 8 and.  9 present.   the  results of teste.made 

.. 
, .  

, .  

. .  . :  . .  . .. ' .  . I .  

with  propellgr removed and the  airplane  at   negative yaw a t t i tudes  
( r ight  wing advanced), of. -7.. 5 and -15 de.grees. The e f fec t  of negative 
yaw as indicated by these  ' resul ts  is t o  produce as,?/rmmetry in   t he  
pressure  distributions. The,  psymmetry., i s .  most prpnotmced at the 
front  sections of *he, canopy' where %he' &reate$t  'nekative pressure . 

' coefficlents  occur on the  side t6wkrd the retarhed wing, whereas for 
the tlfl'reb rear   s ta t ions   the  'asymnletry is': leek.  pronounced with  hi&?& 
negative" pres&kea . .  . on,'tlie sj.de toward the ,ailvancing . .  wing. . " 

As compared t o  propeiler-rerhovea r e su l t s  .at zero yaw ( f ig ,  6 )  
it i s  'seen t ha t  i n  addition t p  the  pressure asymmetry produced by yaw, 

-. . .  'the  mawitudb of '  We  peak  negdxlve pressure  for a given l i f t  coefficient 
. .  
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:is alxo increased as the yaw angle increases. With propeller  operating 
(f igs ,  LO and 11) the   resu l t s  show 'chat t.he presme asyrmnetry is 
reduced  'inasmuch' as the slipstream  rotation tefids to. oppose the angle 
of ' f l o w  over the canopy induced by negative 'yaw. As previously  noted 
at zero yaw, the magnitude of the,  pressure  coefficients are appreciably 
'increaked1 at the higher thrust c.oefficients.,die t o  the  increased 

' slipstream vekocity  over k2ie canopy, , Throughout the.  .range of negative 
. .  yaw angles, opening the canopy incresses %he asymmetrg of dis t r ibut ion 

at the front  canopy statioris but -Causes a general  reduction  in tihe' 
magnitude of the pressure  coefficients  over the. complete. canopy. The 
resul ts   indicate  tht the canopy net: load6 w i l l  :be most c r i t i c a l  with 
canopy closed t h r o w  the negative yatq ra&e inasmuch as ' the diffarell- 
tial ext;ernal-in~emal.pressure coefficient  decreases  rapidly when 

. ,  

.. the canOpy4.s opened. .~ 
I .  ', , . .  . .  

.The.rekults of the tests maae at posit ive yex 
retarded) with the propeller  operating are 

., . .  presented in  figures : 12 ana 13.' .From .these figures' it is seen t h a t  

. .  t o  g'a+'.combi.nee with the flow  &s@netry and increased  local  velocit ies 
,of the p r o p d l e r  slipstream '80. that for ariy, given l i f t .  coefficient the 

, ' .la%&al' asymrust.ry- of p&ssure becomes very 9.ronoKced arild the magnitude 
... . 'or the. peak .nega$ive'.pres&ure  coefficients  increase  appreciably as posi- 

. .  . . . .  ~. at positive .yaw a t t i tndes   the  asymmetry of .Blow over '%he canopy due 

. ' t i v e  . saw -is . increaseil. . . . . . . .  . .  
. . .  . .  

' *  - . ,  . . .  ... . . .  . .  . . . .  . . .  

, .  . . .  . , '' . . TXeee results-..$here$ore  'indicaie tha t  ' the 'cai~opy  loads  encountered 
. .  a t ,  .posit ive.  yaw: at t i tude '  w i l l  be much more "eXf;reme .thq. the' loads 

' . ,ind''ca%ed f o r  correpponding . .  . .  Satt3tudes .(:sqme Ci a.?.?d:Tc) a t  either zero 
' .  or. neggt,ive yaw. s .  AS. pGvi,ousli   noted  for.  .zero ind"'negative yaw attitudes, 
. . .  opening the, canopy has .the, &erie.r@, ef'fect of decreasing t h e  e'xternal 
: .  pressce' coeffic'bnts,  although ' the  asymmetry pf pres sve   d i s t r ibu t ion  

becorn's more pronounced a%; the, frokt sections. ' Based .on &? d i f f e ren t i a l  
external-internal  pressbe  codfficients  the msultg indicate khat the 
greatest,  net  loads will ex i s t  at a l l  a t t i tudes,  wj.th canopy completely 

*. 

. . .  closed,:' . . . . .  . /  
. .  . .  . .  . .  3 . .  

I .  . .  . . .  . . . .  . .  . . .  . .  
. . . . . . .  . .  Internel  stkti; Prej&res' . : . . __ 

. -  . . . .  
. . .  . . .  . ,. , , ,  . .  

. .  Stat ic   presaire  coePPicients-.measured ;,a5 the ir?ner.-surface of 
. , ":,the' canopy are .shomi .in conjvnction , w i t h  %he ejrteirnal pressure distri- 
' "butions  presented  in, figure's. 6 -€o. 13 Eor the  cdrqlete  range of t e s t  

cond-itions. In- addition,  figure lk is.,prosented t o . . s m r i z e   t h e  
variation of int&rnal  pr&sure  coeff  iden-$ with yaw ' angle . f o r  the 

. range of airplane att i tudes  investigated wi th  %he' canopy-.cl.osed and 
propeller  operating, '. A s '  sho+M.by %he results  the  highest   internal 
negative  .pressure  coefffcients occur trhen t ae  'c:&nOi>y. is open 3 inches 
and the least  negative '$reii&ure: coef ' f , ic ie~t~_ 'occuf  . . .  w2th:cmopy cloaed. 

. .  . .  . .  



For  the  zero yaw attitude  with  propeller  operating,the  internal 
pressure  coefficients  with canopy closed. varied from 0 f o r  CL = 1.18 
t o  4 . 0 7  f o r  CL = 0.10 whereas with the canopy open 3 inches  the 
pressure  coefficlents ranged from -1.02 to..-0,54 f o r  the sane l i f t  
coefficients of 1.18 and. O.lO,respectively, From Zipre  1 4  it is ~ 

seen that  for  the  canoppclosed  condition  the  internal  prossure 
coefficients remained approximately  constant  throughout  the  range of 
negative yaw at t i tudes  but  became increasinaly  negative  as yaw 
increased  through  the  positive ran.g.0. 

CONCLUDING REMARKS 

Tho resul ta  of the  investigation of pressure.  distributions on 
the bubble  type  sin@e  place canopy which was t yp i f i&  by the ins ta l la -  
t i o n  on the Grumman F’3F-.-1 airplane chow that: 

1. The net  emloding  forces on the canopy w i l l  be greatest  when 
the  airplane i e  operating at high speed with canopy closed. 

2, For a l l  conditions t h e  net canopy load. will be i n  a n  
exploding  direction. 

3. A t  all at t i tudes  invest igated,   par t ia l ly  opening the canopy 
reduces  the  external  negative  pressure  coefficients and increases  the 
internal  negative  pressure  coefficients  thus red-ucing the  net  exploding 
loads. 

4, Yawing the airplane  increases  the magnitude of the peak 
negative  pressure  coefficients and results i n  an asymmetrical l a t e r a l  
dis t r ibut ion of pressure which becomes  more pronounced with  increasing 
yaw. 

5. The high  axial   velocit ies and rotat ion of the  sl ipstream at 
high thrust  conditioos also increase  the magnitude of the  pressure” 
coefficients arid produce asyrmnetry in   the   d i s t r ibu t ion  of pressure, 
The ef fec ts  of propeller  operation are most pronounced a t  posit ive 
yaw a t t i t udes  as the flow asymmetry due t o  cloclwige  slipstream rotation 
combines with  the f low asymmetry due, t o  posit ive yaw. 

I 
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6. Increasing the l i f t  coefficient  causes a s l ight   increase  in  
the magnitude of the  external  pressure  coefficients. 

. .  . 
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Figure 2.- The F8F-1 airplane mounted in the  Langley full-scale tU.nne1. 



NACA RM No. L7D07 Fig. 3 

(a) Canopy closed. 

(b) Canopy fu l l  open. 

Figure 3.- Photographs showing the  general  arrangement of the  bubble- 
type  canopy  on  the F8F-1 airplane. 
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